MIROCEIA. Effect on the white rat uterus of a toxic substance isolated from Fusarium. Appl. Microbiol. 13:653-459. 1965.-Eighty-five fungi isolated from prepared feed and from corn collected on farms were grown separately in moist autoclaved corn. The corn was fed to virgin weanling rats for 5 to 12 days; the rats were then killed, and their uteri were removed and weighed. Twelve isolates of Fusarium from corn and one from poinsettias caused increases of five to eight times in weight of the uterus 'as compared with controls that were fed sound corn. The greatest increase in weight of the uterus was caused by corn inoculated with Fusarium No. 5 incubated for 21 days at 20 to 25 followed by 14 days at 12 C. Extraction of this corn with methylene chloride, separation into fractions by means of a silicic acid column, and further purification by thin-layer chromatography yielded a compound with ultraviolet-absorption maxima at 314, 274, and 236 m,u.
hypertrophy of the mammae; in these cases, we thought that microflora in the feed, or in the grain from which the feed was made, might be involved. This was suggested not only by the work of Stob et al. (1962) , but also by the syndrome observed in two herds of swine described below.
In the summer of 1963, young swine in a herd near St. Paul, Minn. developed the symptoms listed above when fed a pelleted feed. A sample of this feed was obtained and fed to guinea pigs, all of which developed greatly enlarged uteri. It was then fed to virgin weanling white rats, and all of 1 Paper 5564, Scientific Journal Series, Minnesota Agricultural Experiment Station. them developed greatly enlarged uteri within 5 to 7 days.
In January, 1964, this same syndrome appeared in a herd of swine near Buffalo, Minn. When feeding with the lot of corn on which they had been fed up to that time was discontinued, the tumefaction and mammary enlargement rapidly disappeared. The grain on which they had been fed when these symptoms developed consisted of approximately 30% corn that had been heavily invaded and decayed by fungi and 70% corn that appeared sound. According to the owner of the farm, that portion of the corn heavily invaded by fungi was of the 1962 crop, and had been stored on the cob in a crib, exposed to the weather, from harvest time in 1962 until late in 1963, when it was shelled, mixed with sound corn, and fed to the pigs.
Several bushels of the mixture of sound and fungus-invaded corn fed to the herd of swine on the farm were purchased. A portion of this corn was fed to an immature gilt weighing approximately 100 lb (45.5 kg). After 10 days, the animal was killed and necropsied. During this 10-day period, the gilt developed enlarged mammae and a swollen, edematous vulva. The uterus was greatly enlarged (Fig. 1) . Several hundred grams of kernels heavily invaded by fungi were picked from this corn, ground, and fed for 5 to 7 days to virgin weanling white rats; the rats were then killed and necropsied. Their uteri also were grossly enlarged. These two herds were fairly typical of a number encountered. Because of the economic importance of the disease and the need for more information on this and other mycotoxicoses, the investigations here reported were undertaken.
MATERIALS AND METHODS
Isolation of fungi from feeds and grains. Pellets of prepared feed were scattered on a variety of agar media in petri dishes, and were incubated at 12 to 30 C until the fungi that grew out could be identified and transferred. Dilution cultures were also made, to determine the number of viable spores per gram of feed. Seeds of corn from various farms were cultured without surface disinfection and with surface disinfection in 2% sodium hypochlorite for 1 min followed by a sterile water rinse. Since the embryos of many seeds were more heavily invaded and decayed by fungi than the endosperm, and an individual embryo might harbor several fungi, many kernels after surface disinfection were split and placed on agar with the cut surface of the embryo upward, so that fragments of mycelium could be transferred as soon as they became visible. Fungi were transferred to plates of acid-potato-dextrose-agar (APDA); as soon as their purity was assured, they were transferred to autoclaved moist soil in perfume bottles. After a few days at room temperature to allow mycelium to grow, the bottles were stored at 5 C to serve as inoculum. When a small portion of this soil later was scattered sparsely on agar, mycelium of the fungus with which it had been inoculated grew from almost every particle, and a small amount of such inoculated soil introduced into autoclaved corn in 1-gal jugs or 5-gal paint cans served to inoculate the corn thoroughly.
Production of test lots of feed invaded by fungi. Test lots were produced by several methods, including cultures in Czapek medium in 1-liter Florence flasks incubated on a shaker, and cultures in autoclaved corn meal, in autoclaved corn meal plus corn oil, and in moist whole autoclaved-corn kernels. As a result of preliminary feeding tests, and because our major interest was in production of possibly estrogenically active feed under conditions that might prevail on farms, it was decided to use whole corn. Sound corn was put in 1-gal glass jugs, or in 5-gal metal paint cans, and water added to bring the moisture content of the grain to ca. 45%; the mixtures were autoclaved for 1 hr on each of 2 successive days, cooled, and inoculated with cultures of the fungi growing in soil, as described above.
Various incubation times and temperatures were tested, but incubation at 20 to 25 C for 3 weeks, followed by incubation at 12 C for 2 weeks, was flavus from pelleted feed have caused death of several rats to which they were fed, and the symptoms suggest that a toxin other than the described aflatoxins may be involved. adopted more or less as a standard. The containers of inoculated corn were shaken every few days to keep the kernels from matting together. At the end of the incubation period, the corn, heavily overgrown by fungus mycelium, was poured into a pan,. dried overnight at 45 C with a fan blowing over it to aid the drying, and then ground in a hand mill.
Feeding tests. Pairs of virgin female weanling white rats 21 days old were fed ad libitum for 5 to 21 days (most tests were for 7 days), and then killed; the uteri were removed and weighed immediately, and samples were taken for later study of hematological and histopathological changes.
Isolation and characterization of uterotropic compounds. The following solvents were tested: petroleum ether (bp, 60 to 70 C or 30 to 60 C), acetone, methylene chloride, chloroform, methanolchloroform (1:2), methyl ethyl ketone, methanol, diethyl ether, ethyl alcohol-water, isopropyl alcohol, n-butyl alcohol, and methyl cellosolve. Lots of 500 g of corn that had been inoculated with pure cultures of fungi and which in feeding iests had produced an increase in weight of rat uteri were dried, finely ground, and extracted for 24 hr in large flasks or for 12 hr in a Soxhlet extractor. After preliminary trials, most of the extractions were made with methylene chloride because of its low boiling point and the solubility of the toxin in it.
After extraction, the solvent was concentrated in a flash evaporator to ca. 50 ml, applied to 100 g of clean ground carrier corn, dried under an infrared lamp to remove the solvent, and fed to virgin weanling rats. The control consisted of corn to which an equal amount of solvent had been applied and evaporated under an infrared lamp.
The estrogenic constituent was separated by passage through a silicic acid column by the modi- 
RESULTS
Fungi isolated from pelleted feed and from corn. Storage fungi, principally Aspergillus repens, A. candidus, A. ochraceus, and A. flavus, comprised the major fungus flora of the pelleted feed. This feed was compounded of 14 ingredients, of which several grains and seeds made up a major portion, and it is quite possible that some of the fungi present in the original grains no longer survived. Many genera of fungi were isolated from samples of moldy corn collected from farms in Minnesota, South Dakota, and Iowa, but Fusarium and Papulospora were the principal ones.
Increased weight of uteri of white rats fed corn inoculated with fungi isolated from pelleted feed and from corn. Table 1 lists the fungi which, when incubated on autoclaved corn and fed to white rats, did not cause increase in weight of uteri. Increases of five to eight times in weight of uteri ( Fig. 2) above those of the control rats fed sound corn were induced by 12 of 40 isolates of Fusarium; typical data are summarized in Table 2 . Weight of uteri is an accepted measure of estrogenic activity (Dorfman, 1962 Isolation of a compound causing increased weight of uteri of white rats. Table 5 gives the weight of uteri of rats fed the extracts obtained with different solvents, and Table 6 gives the weight of uteri of rats fed the fractions separated by means of the silicic acid column. Fraction 13-2 (Table 6) was the only one to induce a large increase in the weight of uteri of rats to which it was fed.
These fractions were resolved into their components on thin-layer chromatoplates and were compared with comparable extracts from sound corn. The extracts from corn inoculated with Fusarium No. 5, which resulted in increased weight of uteri of rats to which it was fed, differed from the extract from sound corn in two compounds, one (designated F-1) having an RF value of 0.5 and the other (designated F-2) having an RF value of 0.12 in petroleum ether-methanol and 0.7 in chloroform-methanol solvent system. Compound F-1, after further purification by thinlayer chromatography, was identified as ergosterol. The comparison of spectra between an authentic sample of ergosterol (Nutritional BiochemicaJs Corp., Cleveland, Ohio) and F-1 is shown in Fig. 3 .
Further tests confirming the identity of F-1 were performed. A positive test resulted when F-1 was allowed to react with an alcoholic solution of digitonin. Digitonin forms a precipitate with crgosterol. The Rosenheim (1929) color test, specific for ergosterol, was also positive. Both ergosterol and F-1 had identical RF values when tested on thin-layer chromatograms with activated silica gel as adsorbent and chloroform as solvent. Both compounds showed identical fluorescent characteristics when viewed under ultraviolet light.
Compound F-2 was purified by column chromatography followed by thin-layer chromatography. Its purity was checked by charring with H2SO4 after resolution on thin-layer chromatoplates in two different solvent systems. Only a single spot was found. Similar preparations were made, and compound F-2 was eluted and collected in a test tube. The absorption spectrum of F-2 in nbutanol is shown in Fig. 4 . Its ultraviolet-absorption maxima corresponded to 314, 274, and 236 mA.
The purified preparation of F-2 was dried under nitrogen, taken up in propylene glycol, and in jected into weanling rats. Two control and two F-2 treated rats were used. After 6 days, the weight of the uterus of the control rats averaged 53 mg (fresh weight) and that of the F-2 treated rats was 128 mg. A significant response in size and weight of the uterus occurred in the F-2 treated rats (Fig. 2) .
Compound F-2 fluoresced bright blue when illuminated with ultraviolet light. It gave a positive test for a phenol when treated with FeCI3. When treated with base, F-2 showed a bathochromic shift to 256 m,u, and the weak band at 314 mA became broad and strong. The absorption bands at 236 and 276 m,u disappeared. This bathochromic shift reversed upon immediate acidification.
Compound F-2 has an absorption spectrum identical to a uterotrophic compound isolated from corn infected with Giberella zeae, as reported by Stob et al (1962) .
